Effects of extracellular sodium on cytosolic calcium, PGE2, and cAMP in papillary collecting tubule cells. An increase in cytosolic calcium (Ca12), induced by an increase in extracellular calcium concentration or addition of the calcium ionophore A23 187, has been shown to suppress basal and AVP responsive cAMP and inhibit water flow in the collecting tubule. In the present study, the relationships between extracellular Na concentration, Ca2, PGE2 and AVP-responsive cAMP production were examined in cultured rat papillary collecting tubule (RPCT) cells. Reducing extracellular Na concentration from 144 to 24 m increased Ca2 and PGE2 production approximately threefold in RPCT cells. The effect of reducing media NaCI concentration below 144 msi on Ca2 or PGE2 was not due to a change in media osmolality or chloride concentration, since these parameters were maintained at constant levels by addition of tetramethylammonium chloride (TMA) or choline chloride. Exposure of RPCT cells to media containing 24 mri Na significantly suppressed basal and AVP responsive cAMP compared to that observed at 144 mrvi Na. This suppression was mimicked by the calcium ionophore A23 187 which also increased Ca12 and PGE2. The increase in Ca12 and PGE2 and the suppression of basal and AVP responsive cAMP, which were observed at 24 versus 144 mi Na, were abolished in calcium free media and were likely due to influx of extracellular calcium. Indomethacin did not prevent the suppressive effects of reducing extracellular Na concentration below 144 mri on basal or AVP responsive cAMP, suggesting that the enhanced production of PGE2 did not mediate the reduction in AVP responsiveness. In contrast to cAMP, reductions in extracellular Na concentration from 144 to 24 ms did not influence basal cGMP or the cGMP responses to atrial natriuretic peptide or nitroprusside. In contrast to the effects of a reduction of extracellular Na below 144 m, an increase in extracellular Na from 144 to 294 m. a range of concentrations of Na which is encountered under physiologic conditions in the medullary interstitium, was associated with modest reductions in Ca12 and PGE2, and no change in basal or AVP-responsive cAMP. These effects were due to an increase in osmolality since they were mimicked by addition of equiosmolar TMA or choline chloride. The suppression of PGE2 production seen in RPCT cells exposed to hyperosmolar media is associated with, and may be mediated by a reduction in Ca,2. The reduction in local PGE2 generation by hyperosmolality may serve to enhance AVP-stimulated water absorption during hydropenia.
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Numerous previous studies of mammalian collecting tubule [1] [2] [3] [4] [5] [6] [7] [8] [9] and toad bladder epithelium [10, Il] have supported a key role for calcium in the modulation of the hydroosmotic response to arginine vasopressin (AVP) at the sites of cAMP generation and AVP-stimulated cAMP production by the calcium ionophore A23 187 or by raising media Ca2 above 6.8 mt [10, 13] , conditions which increase Ca12t By contrast, alterations in extracellular calcium from 0.5 to 4 m, a concentration of serum calcium which may be encountered clinically in hypercalcemic states, had no effect in vitro on basal or AVP induced increases in cAMP in RPCT cells 14, 13] .
Time-dependent reductions in renal medullary interstitial Na concentration occur in experimental hypercalcemia in vivo [14, 15] and are thought to play a key role in the concentrating defect. In addition to the direct impact of reduced medullary solute content to impair urinary concentration, studies conducted in vitro suggest that alterations in extracellular Na concentrations may influence Ca2 by altering Na-Ca2 exchange [16] . An increase in Ca12 may lead to suppression of AVP responses at pre- [3, 4, 7, 8, 111 or post-cAMP sites [6, 11, 12] as well as through alterations in prostaglandin (PG) E2 synthesis [11, 17] . The influence of extracellular Na concentration on Ca2 in RPCT cells has not previously been investigated.
In the present study we examined in RPCT cells, the influence of extracellular Na concentrations from 0 to 444 mM on Ca12, PGE2 production and basal and AVP induced increases in cAMP. The results support a role for Ca12 in modulating basal PGE2 and cAMP generation, as well as AVP responsive cAMP production in RPCT cells. By contrast, although changes in Ca2 are often associated with changes in cGMP [18] , cGMP was not altered in the present study as a function of the changes in Ca2 induced in response to changes in extracellular Na concentration. The major alterations in Ca2, PGE2 and cAMP were observed when extracellular Na was varied between 144 and 24 m. Accordingly, the results do not support a major role for Na induced changes in Ca12 in the mediation of reduced concentrating ability at the Na concentrations which are likely to exist in the medullary interstitium during hypercalcemia [14, 15] . However, the results do suggest that the relatively modest decrease in PGE2 production which occurs when extracellular Na is increased from 144 to 294 m may be mediated by a fall in Ca1., and may serve to enhance concentrating ability during hydropenia.
Methods
Culture of renal papillary collecting tubule epithelial (RPCT) cells RPCT cells were prepared as previously described [191. The inner medullary tissue from two to three female SpragueDawley rats (Zivic-Miller, Pittsburgh, Pennsylvania, USA) was used to prepare enough cells for a single 24 well plate. The meduilae were removed aseptically and minced finely to a past with two scalpel blades. The paste was mixed with 4 ml of type II collagenase (1 mg/ml; Cooper Biochemicals) plus 100 U/mI penicillin and 100 g/ml streptomycin in phosphate buffered saline for two hours at 37°C, with gentle shaking every 15 minutes. At the end of 30 minutes, 6 ml of sterile H20 was added. Large pieces of tissue were allowed to settle and the supernatant centrifuged at 200 x g. The resulting cell pellet was washed with phosphate buffered saline containing 10% bovine serum albumin, resuspended in 12 ml of tissue culture media and seeded into a 24 well plate. Tissue culture medium for plating was DMEM/F-12, penicillin (100 U/mI), streptomycin (100 g/ml) and 10% FBS. After 24 hours the medium was changed to defined K-i epithelial growth medium [191. Medium was changed daily. The cells were usually confluent after three to four days. The cells exhibited typical collecting tubule epithelial cell morphology. They were uniformly polygonal in appearance with large nuclei [20] . Hemicysts grew in cultures whose media was not changed during growth as previously described [201. To further characterize the cells they were grown on glass coversiips, quick frozen and histochemical staining for succinate dehydrogenase, NADH diaphorase and aglycerophosphate dehydrogenase performed [211. The RPCT cultures stained positively for NADH diaphorase and aglycerophosphate dehydrogenase but not for succinate dehydrogenase. This pattern of staining is typical of collecting tubule epithelium [20] .
Incubation of cells RPCT cells were rinsed and incubated in Krebs-Ringer bicarbonate buffer with 1 mg/mi glucose (0.5 mI/well). The standard concentration of Na4 is 144 mri and is composed of 24 mM NaHCO3 and 120 m NaCl. All incubations for determination of PGE2, cAMP and cGMP were conducted with confluent cultures in 24 well plates at 37°C for the times and with test agents as indicated in the text. The gas phase was 7% C02, balance air, Where indicated in the text, the composition of the incubation medium was changed as follows: KRBG, 0 Na4 contained 120 m'vi tetramethylammonium chloride (TMA) and 24 m choline bicarbonate. KRBG, 24 mti Na contained 24 mM NaHCO and 120 m TMA. KRBG, 84 mri Na contained 24 m NaHCO3, 60 m'vi NaC1 and 60 mM TMA. KRBG, 294 mM Na and KRBG, 444 m Na contained an additional 150 and 300 m NaC1, respectively, compared to KRBG, 144 mM Na. The final osmolality of the 0, 24, 84 and 144 mrvi Na, KRBG was 305 mOsm. The final osmolalities of the 294 m and 444 mrs Na media were 605 and 905, respectively. In some studies, 150 mri TMA was added to KRBG, 144 mr'.i Na to
give a final osmolality of 605.
Measurement of Ca2
RPCT cells were grown to confluence in a 75 sq cm tissue culture flask. Cold 0.8% trypsin (4 ml) in phosphate buffered saline was added and the trypsin solution removed after 10 seconds. The cells were incubated 10 to 15 minutes at 37°C and washed off the flask with 15 ml of culture media. The cells were washed twice in 15 ml of media by centrifugation at 2000 rpm for one minute prior to loading with aequorin. The procedure for loading aequorin [22] and for measuring Ca12 [231 were as previously described. Aequorin was purchased from Dr. J.R.
Blinks (Mayo Foundation, Rochester, Minnesota, USA). RPCT cells, which had been incorporated into agarose threads [22, 23] , were suspended in an aequorin photometer and perfused with KRBG, 95% 02, 5% CO2 at 1 mI/mm for the times and with test agents as indicated in the text. The sample compartment was maintained at 37°C. Using this protocol, multiple determinations of Ca12 were made with the same cell preparation under different experimental conditions, In the studies of the concentration response relationship between perfusate Na and Ca,2 , media with the highest concentration of Na to be studied was tested first. Cells were perfused with the test media for 15 minutes followed by 30 minutes of perfusion with KRBG, 95% 02, 5% CO2 before reducing perfusate Na to the next lowest concentration. Reversing the order of changes in media Na concentration had no effect on the level of Ca12 measured at any given Na concentration. Ca2 was derived from a curve of the negative log of [Ca2 ] in standard solutions versus the negative log of the observed fractional luminescence. Fractional luminescence was determined by dividing the observed luminescence by the maximal luminescence obtained when cells were perfused with 1% Triton X-l00 [231.
Determination of PGE2, cAMP and cGMP PGE2 content of the incubation media was determined by radioimmunoassay (DuPont, NEN, Boston, Massachusetts, USA) as previously described [24] . cAMP and cGMP content of RPCT cells was extracted by the addition of 0.5 ml of boiling water to the well. Media and cell extracts were combined for determination of cAMP and cGMP by radioimmunoassay (DuPont).
Statistics
Analysis of variance (ANOVA) was employed to test for differences among groups. If differences were significant by ANOVA, the significance of differences between any two mean values was determined by Student's independent t-test. Experiments were conducted two or three times as indicated in the footnotes to the Tables and Figures. Results Figure 1 shows the effects of altering perfusate Na concentration from 0 to 444 mM on Ca12 in RPCT cells. The total osmolality, bicarbonate and chloride concentration of the media which had Na concentrations between 0 and 144 m, was maintained constant by the addition of tetramethylammonium chloride (TMA) and choline bicarbonate. The total osmolality of media with 294 and 444 mi Na was increased to 605 and 905 mOsm, respectively, by addition of NaCI. The composition of the media are described in detail in the Methods section. As baseline by eight minutes (t = 40 mm) despite continued perfusion with low Na buffer (Fig. 2) . Figure 2B is a tracing which illustrates the effects of exclusion of calcium from the media on basal Ca2 and the increase in Ca2 induced by KRBG, 24 mM Nat. The same cell preparation was employed to obtain both tracings, and the scale is broken between 45 and 65 minutes during which time no change in Ca2 occurred. The cells were perfused with Ca2 free KRBG, 144 mrvi Na for 15 * * minutes before changing the perfusate to Ca2 free KRBG, 24 mM Na. As can be seen by comparing values for Ca12 obtained at 45 minutes in KRBG, 144 mri Nat, to those obtained at 65 minutes in Ca2 free KRBG, 144 mrvt Nat, removal of Ca2 had no effect on basal Ca12 in KRBG containing 144 mi Na. However, Ca2-free KRBG completely prevented the rise in Ca2 seen when the Na concentration was reduced from 144 to 24 mM. In other studies (not shown), the decrease in Ca12 which was observed when Na was increased from 144 to 294 m persisted for at least 15
minutes. This change in Ca12 was rapidly reversed when Na was reduced from 294 to 144 mrvi. Table 1 illustrates the effects of extracellular Na concentration on basal PGE2, cAMP and cGMP content of RPCT cell incubates and the effects of the calcium ionophore A23 187 on each of these parameters. cGMP responses to ANF and nitroprusside, and cAMP responses to AVP are also shown. Addition of A23l87 to cells incubated in KRBG, 144 mM Na increased PGE2 accumulation approximately fourfold. Exposure of cells to KRBG, 24 mrvi Na also increased PGE2 threefold compared to that observed in KRBG, 144 mM Nat.
Addition of A23 187 to cells exposed to KRBG, 24 mM Na had no further effect on PGE2 compared to that observed in cells incubated in KRBG, 24 mrvi Na without A23 187. Exposure of RPCT to Ca2-free KRBG for 15 minutes had no effect on the basal PGE2 production compared to that observed in complete KRBG containing 144 mrvt Nat, but completely prevented the increase in PGE2 seen when buffer Na was reduced from 144 to 24 m. As is also shown in Table 1 , increasing the osmolality of the buffer from 305 to 605 with NaCI or TMA was associated with a significant reduction in PGE2 content.
Consistent with previous studies [251, an optimally effective concentration of ANF increased cGMP content of RPCT incubates tenfold (Table 1) . Nitroprusside was a relatively weak stimulus of cGMP in RPCT cells, increasing cGMP 1.5-to twofold. Addition of A23 187, or altering the Na content of the media had no effect on basal or stimulated cGMP under any of the conditions tested in Table 1 .
As is also shown in Table 1 , AVP increased cAMP of RPCT cell incubates fourfold. Consistent with previous studies [41, basal and AVP induced increases in cAMP were suppressed by the addition of A23l87 to standard KRBG, 144 mrvi Na buffer. Reducing media Na from 144 to 24 m also reduced basal and AVP responsive cAMP to an extent similar to that seen with A23l87 in KRBG, 144 ms'i Nat. Moreover, addition of A23l87 to cells incubated in KRBG, 24 mrt Na did not further suppress basal or AVP induced increases in cAMP compared to that seen in KRBG, 24 mM Na alone. Analogous to effects on PGE2, incubation of RPCT cell in Ca2-free KRBG prevented suppression of basal and AVP responsive cAMP otherwise observed when extracellular Na concentration was reduced. As is also shown in Table 1 , increasing media osmolality from No further increase in Ca12 was observed when media Na was decreased from 24 m to 0 m. As is also shown in Figure  1 , raising media Na from 144 to 294 m significantly reduced Ca12. No further decrease in Ca12 was observed when media Na was increased from 294 to 444 mpvi. In other studies, increasing media osmolality from 305 to 605 by the addition of 150mM TMA reduced Ca12 to the same extent as that observed by the addition of 150mM NaCI (144 mr's Na 145 12; 144 mM Na + 150 mrs TMA, 120 10*; 144 mM Na + 150mM NaCl, 121 10*; P < 0.05 vs. 144 mM Nat). In the studies presented in Figure 1 , TMA was substituted for NaCI in order to maintain the osmolality constant at 305 mOsm, as the Na concentration was reduced from 144 toO m. Thus, it is possible that the increase in TMA, rather than the reduction in Nat, may mediate the increase in Ca12. We consider this possibility unlikely since the addition of 150 mr's TMA to media which contained 144 mrs Na actually reduced Ca12 rather than increasing it. Nevertheless, to further control for the effects of TMA, we conducted additional experiments in which choline chloride was used as a substitute for NaC1, rather than TMA. The values obtained for Ca12 when choline chloride was employed as the NaC1 substitute were analogous to those obtained with TMA (24 m Na + 120 m choline chloride, 315 20*; 144 mrvi Na 145 12; 144 mrvi Na + 150 mM choline chloride, 123 10* nM Ca12 SE;* P < 0.05 compared to 144 mM Nat). Figure 2A is a representative tracing demonstrating the effects of reducing perfusate Na from 144 to 24 m on Ca12 of RPCT cells. The two minute interval between the time at which the perfusate was changed (arrow) and the time the Ca12 starts to rise is the time it takes for the perfusate to reach the cell chamber. Ca12 increased immediately after the low Na buffer entered the cell compartment (t = 32 mm) and exhibited a broad peak which lasted for about five minutes and then declined. Ca12 had nearly, but not completely, returned to RPCT cells were pre-incubated for IS minutes in KRBG. The media was then changed to that indicated under incubation conditions and the incubation continued for 15 minutes. Where indicated ANF (l07M), sodium nitroprusside (105M) or AVP (107M) was present for 15 minutes during the second incubation period. 3-Isobutyl 1-methylxanthine (MIX, 0.5 mM) was present in incubations employed for determination of cAMP and cGMP. Separate incubations were used for the determination of PGE2. PGE2 content of the second incubation media is shown, cAMP and cGMP content of the media plus cell extracts is shown. Results represent means SE of triplicate incubations from each of three separate experiments. a P < 0.05 compared to KRBG, 144 ms Na b P < 0.05 comparing Ca2 free KRBG, 24 ms.t Na plus 120 mi TMA to KRBG, 24 msi Na plus 120 ifiM TMA 305 to 605 with TMA or NaCI had no effect on basal or AVP induced increases in cAMP compared to that observed in KRBG, 144 mM Nat As shown in Table 2 , indomethacin had no effect on the suppression of basal and AVP responsive cAMP induced by incubation of RPCT cells in KRBG, 24 mM Nat. As is also shown, this concentration of indomethacin reduced PGE2 accumulation in RPCT cell incubates by greater than 80% and abolished increases in PGE2 induced by reducing extracellular Na from 144 to 24 mM.
Discussion
Results of the present study demonstrate that decreasing perfusate Na from 144 to 24 m increases Ca12 approxi- a P < 0.05 compared to KRBG, 144 m Na concentration was not related to a change in extracellular osmolality or chloride since osmolality and chloride were maintained constant in the reduced Na media by the addition of TMA. A previous study demonstrated that decreasing extracellular Na triggers release of Ca12 from intracellular pools in cultured fibroblasts [261. However, the increase in Ca2 observed at 24 versus 144 msi Na in the present study was abolished by exclusion of perfusate calcium, and was likely due to influx of extracellular calcium, similar to the findings in monkey kidney cells [16] . Increasing Na from 144 to 294 mrvt suppressed Ca12t However, the effects of raising media Na on Ca2 were likely due to an increase in total osmolality per Se, since raising media osmolality from 305 to 605 mOsm by addition of TMA mimicked the effects of addition of NaCI on
Ca2t
Previous studies have demonstrated that A23l87 reduces basal and AVP induced increases in cAMP in cultured RPCT cells [4] , microdissected medullary and papillary collecting tubules [3, 8] , and medullary thick ascending limbs [5] , an effect which is likely mediated by an increase in Ca2. The effect of A23 187 on AVP stimulated cAMP of microdissected collecting tubules was more pronounced in the absence than in the presence of a phosphodiesterase inhibitor [3, 8] , suggesting that A23 187 was both inhibiting cAMP generation and increasing cAMP metabolism. In the present study the phosphodiesterase inhibitor, 3-isobutyl 1-methyl xanthine (MIX), was employed in all incubations for determination of cyclic nucleotides. Thus, the observed effects of altered media Na concentration on cAMP reflect predominantly altered cAMP generation. In this regard, results of the present study which demonstrate that reducing media Na from 144 to 24 m increased Ca2 and reduced basal and AVP responsive cAMP support a suppressive effect of raising Ca2 on cAMP generation.
By contrast, consistent with a previous study [27] , we found no effect of raising extracellular Na from 144 to 294 mM, corresponding to an increase in osmolality from 305 to 605 mOsm, on basal or AVP responsive cAMP when assessed in the presence of MIX, despite the fact that Ca12 and PGE2 production were reduced in cells incubated at the higher Na1 concentration. Of interest, the cAMP response to AVP was previously reported to be enhanced in RPCT cells incubated in the absence, but not in the presence of a phosphodiesterase inhibitor when the osmolality of the incubation medium was raised from 305 to 750 mOsm with NaC1 [27] , implying an action of hyperosmolar Na at the level of cAMP metabolism rather than synthesis. Biphasic effects of changes in extracellular calcium concentration (0 to 8 mM) on AVP responsive cAMP in RPCT cells have been reported [7, 131 . However, when extracellular calcium was varied within a clinically relevant range (0.5 to 4 mM), no effects on Ca12 or cAMP were observed [4, 7, 131 . In the present study we found no effect of a brief 15 minute exposure of RPCT cells to Ca2 free perfusate without EGTA on Ca2 or on basal or AVP responsive cAMP. Our results are not necessarily inconsistent with those in the earlier study. In that report, RPCT cells were exposed to Ca2 free buffer plus EGTA for one hour to reduce Ca12 to 25 flM and to reduce AVP responsive cAMP. The present results demonstrate that an increase in Ca12 from 150 to 315 n is sufficient to abolish the cAMP response to AVP. This finding is entirely consistent with results previously reported in RPCT cells exposed to 6.2 mM Ca2 [13] .
Studies from our own [24] and other [28, 29] laboratories have demonstrated that increasing media osmolality with NaCl stimulates PGE2 production in rat inner medullary slices [24, 28] and microdissected papillary collecting ducts [291. Nevertheless, in RPCT cells, reduced PGE2 production was observed when media osmolality was raised by addition of NaCl. Sato and Dunn reported a similar response in these cells [27] . The basis for the differences between results obtained in inner medullary slices and microdissected tubules compared to RPCT cells are not apparent.
It is well recognized that renal prostaglandins antagonize AVP action in vivo [30, 311 and in vitro [32] . However, the mechanism by which this occurs is not known, Most previous studies have failed to find suppressive effects of low concentrations of exogenous PGE2 on AVP stimulated cAMP production in RPCT cells [33] [34] [35] . However, suppression of AVP responsive cAMP by exogenous PGE2 was observed when cells were incubated in hypertonic (1800 mOsm) but not isotonic media [36] . Increasing endogenous PGE2 production by addition of A23 187 [3, 4] to either RPCT cells in culture [4] or to microdissected medullary tubules [31 was associated with suppression of AVP stimulated cAMP. Nevertheless, inhibitors of cyclooxygenase activity did not prevent the effects of A23 187. These studies support the notion that an increase in Ca2 may exert an inhibitory effect on AVP responsive cAMP which is independent of enhanced prostaglandin production. The results of the present study, which demonstrate that indomethacin does not prevent the fall in basal and AVP responsive cAMP which occurs with a reduction in extracellular Na to 24 m, are consistent with these previous studies. The mechanism by which an increase in Ca12 suppresses basal and AVP responsive cAMP is not known.
Studies conducted in toad urinary bladder have demonstrated suppression of AVP action on urea permeability under conditions of reduced serosal Na concentration [11] . In these studies, two separate effects of reduced Na were observed. One was dependent on the presence of serosal calcium and altered pre-and post-cAMP sites. The second was independent of serosal calcium and altered a pre-cAMP site. The Ca2-dependent suppression of AVP action in toad bladder, seen at serosal Na concentrations between 10 and 50 m appears to be analogous to that observed in RPCT cells, Nevertheless, in contrast to results obtained in RPCT cells, indomethacin partially suppressed the inhibitory effect of low media Na on AVP induced increases urea permeability in toad bladder [1 lb supporting a role for cyclooxygenase products in the mediation of at least a portion of this effect in toad bladder.
Previous studies have suggested that changes in Ca12 may regulate net sodium transport by inhibiting the passive diffusion of Na into the cell [37] . ANF inhibits Na uptake into the cell and this process is mediated by cGMP [38, 39] . Since increases in Ca12 are often accompanied by increases in cGMP [181, and an increase in cGMP may suppress passive Na uptake, we examined the possibility that the increase in Ca2 which occurred when extracellular Na was reduced from 144 to 24 m might increase cGMP or enhance cGMP responses to ANF. RPCT cells responded to ANF with tenfold increase in cGMP, but were far less responsive to nitroprusside (1.5-fold). Media Na concentrations from 24 to 294 mM had no effect on basal, ANF or nitroprusside responsive cGMP compared to that observed at 144 ms's Nat Moreover, A23 187 was also without effect on cGMP, suggesting that the guanylate cyclase of RPCT cells was relatively unresponsive to changes in Ca2. At least three forms of guanylate cyclase have been described: a plasma membrane form which contains the ANF receptor; a cytosolic form which is responsive to NO and N-nitroso compounds; and a Ca2 responsive form which is present in the cytoskeleton and plasma membrane [401. Results of the present study suggest that guanylate cyclase of RPCT cells is primarily the plasma membrane form which responds to ANF. In this regard, we have previously demonstrated that rat inner medullary guanylate cyclase is found predominantly in the particulate fraction of cell homogenates [41] .
The present observations may have physiologic relevance, but they must be interpreted with caution. Hypercalcemia is accompanied by a reduction in medullary interstitial Na concentration which in turn is thought to contribute to the renal concentrating defect [14, 15] , presumably through a direct hydrosmotic effect. However, interstitial papillary Na concentrations probably do not fall below that of plasma [14, 15] . In the present study, relatively minor effects of reductions in extracellular Na from 294 and 144 ms's were observed on Ca12 and PGE2, and changing extracellular Na concentrations over this range did not influence basal or AVP responsive cAMP. Accordingly, it seems unlikely that the alterations in Ca12 or PGE2 production which occur in RPCT cells exposed to a range of concentrations of Na found in the medullary ipterstitium play a major role in the concentrating defect associated with hypercalcemia. Whether these effects of reduced medullary Na concentration participate in dampening the hydroosmotic action of AVP is uncertain. It is possible that even the small changes in PGE2 observed might influence the hydroosmotic actions of AVP through cAMP independent mechanisms, such as through alterations in vasa recta blood flow or solute absorption in the medullary collecting tubule or thick ascending limb [271. Conversely, the fall in Ca2 and local PGE2 generation which occurs when extracellular Na concentration is increased during hydropenia may enhance the hydroosmotic response of RPCT cells to AVP.
